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THE AIR POLLUTION IN ZAGRES
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Zagrob 19?*
P R E D G'O V O R
Republl8ki hldrometeoroloSki zavod sRH angazirao
se posrjednjlh godina I u akcijama za oduvanje l.pobolj5a-
,rj"'doviekoire siedlne. Preko ?vojih brojnih stanlca mete-
oiofozi-neprekldno prate stanje atmosfere i registriraju
nia*:*rr* r- njoj, a na nekoliko- mjesta redovno mjere i za-
;;aj6""rt ,tixl i oborlna' Y skradu s.priepor"k1T"..lll-*t-
ske meteo::oloike organlzacije, na 4 _sti5ri-9 u SR Hrvatskoj
pi"ti--"-ptrroatta zigadjenost zraka i oborina'
U gradu Zagrebu posljednjih je godina' na Sirem
druStvenom !]anu, p6veCan interes za za$titu Zivotne sre-
dine, posebno za'pioUlem zagadjenosti zraka' kg1l jg."
*r,ogi*- dijelovima- grada v"oit ikntan. Fre$ dvlje godine,
,.ti"i:":"ei inicfiativf tada6njeg {omuna}nog zavoda grada
Z"greUlr-odnosno Urbanistidkog zavoda'grada Zagreba, pose-
U"6-aipi.in7. tq. Popovi6, ovaj Zavod je, na temelju ugovo-
ra Komlnalnog zavodl grada Zagreba br, 08-159/.1'L97.I od
29.2.LglIt proveo oblmna istrazivanja u utvrdjivanju mete-
orolo5kifr'fit<tora koji djeluju ,la zagadjenost zraka-u cen-
tru Zagreba, t€ za iivestitoia izradlo elaboral sa doku-
mentacij om.
IstraZivanje je obuhvut'llg i dosadaBn?u. *jerenja
zagadjenosti zraka sor- i dimom, dije smo rezultate sa sta-
nica u Zagrebu dobl1i od Instiiuta za medicinska istraZi-
;;;j" i higijenu rada JAZU u zagrebu''S d'ruge -strane' u
okviru ,-ru,r8.,l 1 tehnidke suradnje s ovim Zavodom, Institut
za sigurnost rua"'-"'iagrebu )et- za.potrebe Ovog lstraZiva-
nja, proveo optitt,t mj6renja-zagadj!191tt zraka na 40-tak
mjesta, kojim'a- j" r"r6"odi6 dr. T' Filipan' vV ova. speci-
iii"" mjerlnja, istovremeno su provedena i mikroklimatska
mjerenja te mjerenja vlsinskog vietra, koje su obaviJ-1
radnici MeteoioloSiog-aeroloSfog opservatortja Zagreb-
Maks iniir.
SmatrajuCl da su rezulLatj- iznesenl u elaboratu
od Sireg r""f*":i-i"-strudnu javnost' u ovom broju publi-
kaclja "n.spr.vi i prlkazi" Zivoda iznoslmo najznadajnija'
prerlajena ppglavlja ovog elaborata'
Elaborat I studtje rezultat su timskog rada svih
radnika sektora za meteoroiogt.r istrazivanja I aerorogiju
i druglh suradnika.
VI
Vjerujemo da Ce rezultati istraXivanja' lznesenL
p ovoj "u.rrdiJil-iriti-povoa-u" 
daljnja sveobuhvatnija ispl-
ft.r..ri. ""guaj.tbstr lrak  
 gradu zagrebu' il€ samo u po-
;i;il';r;si;;ii.-p."."J*a? Jtirr'" mrele stanica za speci-jalna mjeren3i'""!iq:eiosti zraka i meteorolo5kih elemena-
ta, veC i odredjenl-h mjera i ik"iit' koje bi trebale dove-
ili a"-eou"ij;;;j;-k"tiitut* zraka u sradu Zasrebu'
. Direktor
Repub).ldkog htdrometeorolo5kog zavoda SRI-I













































Hlstorijat i metode motrenja koncentracije
SOz I dima
Hlstorljat mreZe stanica za mjerenje kon-
centracije Soz i dima u atmosferi
Metode mjerenja koncentracije SOz u atmo-
sferi
Metode'mjerenja koncentracije dirna u atmo-
s feri
;;;i;"" koncentracije Soz i dima na pod::u-
dju Zagreba
opie napomene
a'"tiir"' Sestgodisnjeg niza rnjerenja kon-
centracije SOz
Sredn je 6.t evtt" vrl jednosbi koncentracl je
Soz
uafi.simalne srednje dnevne vrijednost'l kon-
centraclje SOz
Analiza S-goaignjeg mjerenja koncentraclja
dima
SrednJe dnevne vrijednostl koncentraciJe
dlma
Makslmalne srednje dnevne koncentractje
dlma






















KLIMATSKI POTBNCIJAL ZAGADJENOSTI ZNAKA 
' ]





































ovisnost koncJntracije soz o karakterj-sti-
kama magle u Zagrebu
;il;"' ;;giaj.;;ili zraka na insoraciju
TemPeratura zraka i zagadlenost
Prostorna ttraiont sezonskih temperatura
zraka u Zagrebu;t"pri""ka-kapa", nad 1u?::b"*
Prilemne inverzije nad zagrebom




Pt."i eLra-vani e grada
;;;ii; 
- strujin ii- i "provi etravanje"
ovisnost x""""i[tacije sQ' o smjeru vjetra
Ptl:enos Eestica nad gradom
"gsi-66flel" Zagreba
Dnevni reZj-m aeracije.. -
;i;;;-.;oii"u-"-ptoSiscavanj u sradskos
zraka
Zavisnost' koncentraclja SOz u Zagrebu' o
































,rt**6tt. i srednje koncen-




4. SPECIJALNA MJERENJA METEOROLOSKIH ELEME*
NATA I ZAGADJENOSTI ZRAKA NA PODRUEJU
ZAGREBA
Zvonko Katu5in, dlpl.lng' I dr DraXen
Poj e





















Rezultatl analiza nekih katlona L anlona
u uzorcima oborina i zraka
odnos izmedju elektrldne provodlJlvostl
i suma katlona 1 aniona
Rezult.atl mjerenja pH u dnevnlm t njese-
dnlrn uzorclma oborLna'
Rezultati anal-iza nekih aniona I kationa
u uzorcima oborlna

























































Sj.stem za praCenje zagadjenostt zraka
Pf""li."Je' mreZe stanica
;;;;-;;;-Ia me"eoroLo-5kih: stanica na Po-
drudju grada Zagreba -.il;;t;-"; *j.t.njt zasadjenostl zraka u- -- -
Zagrebu
Stanice za mlerenje SO I. dlma;ffii;; ;; ;i;;;ie druelh Porut'anata
o;;a; i anailza''Podataka;;;;;i iasiaj.;osti zraka u zasrebu






























I. Nakon prikaza lokaclje mjernlh mjesta za SOz t
dim u Zagrebuu te metoda mjerenja koja obavlja Instltut
za medici-nska istraiir"'anja i medicinu rada JAZUo J-scrpno
je analiziran niz podataka koncentraclje SOz-.1 dl-rna za
iazdoblje od f966"-1971" na srediSnjem podrudJu zagreba.
U tabelama 1-Z do l"-4 p::ikazane su srednje dnevne kon-
centracije SOa za svaku od ukupno 7 stanica 1 za svaki
mjesec. Kod svih stanlca postoji dobro Lzrailen godiSnji
hod, s maksimalnim kolidinama SO2 u zimsklm mjes.ecima do
660 ugm-3, te minimalnim u ljeti s najniZom srednjom
mjesednom vrijedno5iu od 4 ugm-3. Prostorna razdioba
SOz i dima u Zagrebu za sijedanj i srpanj t'e pojedlna
godiSnja doba, prikazane su na slikama L/2 do L/7, pa je
rlodljivo da izolinije slijede gustoiu naseljenih podru-
dja grada" Omjeri srednjih koncentracija SO2 hladnog
prema toplom dijelu godine (tabela 1-5), pokazuju da u
gusto naseljenom srediSnjem dijelu postoji velika razll--
[a u iznosima koncentracije SOz hladnog prema toplom di-
jelu godine, dok je u industrijskom dijelu grada t,a
lluktuacija zraka manja. Tabele 1-6 i 1-7 pokazuju izno-
se rnaksimalnlh srednjih dnevnih kgncentracija SO2^na po-
jedinim stanlcama, koji se kreCu dak do 1530 Ugm-3 " U
tabelama 1-8, 1-9 i l*10 prikazane su srednje dnevne
koncentracije dima (ugm*3) po godinama i mjesecima" I
ovdje se uo6ava dobro izraXen godi$nji hod, s makslmumom
u zimskim i minimumom u ljetnlm mjesecima. NajviSe vrl-
jednosti doseZu dak 547 Ugm-3, minimalne vrijednosli do
9 ug*-'. Maksimalne dnevne vrijednosti po mjesecima +
stanicama prlkazane sU u tabe}l t-It i f-f2. Ekstremi u
srediSnjem dijelu dosezu 843 ugm-3. Tz slika L/9 i I/I0
vidljiv je trend promjena srednjih godi$njih koncentra-
clja SOz- i dima za pojedine stanlce u promatranom razdo-
blju: posljednjih godlna usporen je porast' srednje vri-
jednosti SQz, uzevSi grad u ajelinl, dok za dim nema
znatnljih promjena" Na pojedinim stanj.cama u Zagrebu po-
kazuje-se, mpdjutlm, smanjenjel & rld druglm poveCanje
.zagadjenosti zraka "
2.'L Studlja o klirnaiskim prllikama u Zagrebu u-
razdoblju od rg6O-197r. godine iadjena je na odnosy !
obtfinih meteorolo$kih stiniea 1 2 opservatorlja (sL.2/L|,
Budufi da je grad smje$ten na vrlo raznolikom terenu, po-
dev5i od jirXnifr obroiaka pJ-anlne Medvednicerispr-esljecanlh
brojnimdo1inama,Pasvedoniskogiv]'aZnijeg.podruEja
oko rijeke Save - postoie6a mreZa meteoroloBkih st-anica je
nedovolino susta. Zato su kartografski prikazi gruba slika
qadziob6 poiedinih meteoroloEkih elemenaLa'
2.2 Sestgodisnji nizovi frekvencije ma91e, trajanja
lsijanja Sunca i temperature zraka komparirani.su sa seku-;f.inii.r nizovima n. bpservatoriju Zagreb-GriE (centar gra-
Aa) i. opservato::iju ?agreb-l,takilmir (istolna periferija) .
Maglaupromatranomrazd.oblju,zbogklimatskog
trenda i pov*Jatr"- ".g.Ajenosti 
zrakal pokazuje vedu u6e-
stalost (zagieb'llakiimii) nggo 5to je norm3lno 11.klimu
Zagreba isr. 2/z). Podaci o magli u centtralttoT dijelu gra-
da- (Zagreb-Gridi' nisu dovoljno-reprezentativni, "\29 nepo-+"fj"""pozicije OpservatoriJa. Varijacija insolacije Y_Ia-
zaonriu od 1966.-19?I. godine. poklapa se's raniiim osca-
lacijama u sekularnim nizovimar- kada- s9 atlnosfera-jo5 nije
fugl; smatrati jabe zagadjenom. Komparirali ;u nodlli op:
seivatorija u c6ntru i na periferijl = podacima o. trajanjusijanja Sinca na planini Medvednici. Trendovi-su.istog
prlaui.t . (s1. Z/3) i pokazuju smanjelj,e insolacil"., pro-
matranom razdoblju i u ".gidi.tom 
giaal, i-'na distoj pla-
nini
TemperaturninizoviLg66.-r971.(sl.2/4)u.,okviru
su normafnih-it"i:ifr oscilacija tgmger-ature, s tim Bto je
periferija u godilnjem prosjelu hladnija od centra grada
2u 1-t.5rc.
3.1. Ovdje se daju uvodne napomene o klimatskom potencija-
i;-;";;dj""""ti-ii"r.u-"p!""iio, !e posebno za eremenre:
temperaturu zraka, vjetir, stabilnost atmoSfene, maglu i'oboiine
3.2 Proudene su prostorne razdiobe frekvencija.magle,
kao i njihovo prosjediro i maksimalno trajanje u centru i'
na periferiji grada
' Centralni dijelovi grada su tokom godine J:l'l{t)
Ee5ie " *igfi 
(80 dana godiSnje) od ostallh'^Izuzetak su
samo krajnji-j,rZrri aijeiovi-gi.d. _,t, rijeku Qavu , 'fre- 
je
godi5nja-fieki'encija iiaqle i6B veCa nego " 
t9:lt":,yt91'
J" ""j8e6Ce "i*i t;r. ziz),-a 
potom.u jesen (:+' 3/5\'
Cent::alni dijelovi grada imaju- i najdugotrajnije magle'
posebno zimi (sI" 3/6).
3.2"3 Ispitana je ovisnost koncentraclja SOz o gustodi
i rrajanju *";G; ii" i minfmaingj tempertturi zxaka. I''ak-
tor linearne korelacije i"*.4J" t6ncenlracs-ja SO2 i.veli-
dine, koja ""Jtzi-"ipiii"a ttiieatt'g 91"T911t: 
i:l":i-9:13'
U zagrebf zimir nd dane-s maglom' (:L' -3/8) treba 
nalces-
de odekivati tconc.ntracije S52 iznad 365 Ugm-3'
3'
3.3 Usporedjene su prosjedne dnevne vrijednosti lnso-
lacije po mjesecima na Opservatorijima GriE i Makslmfii
(s1.:3/I0, 3/Ll i 3/L2). U jutarnjim satlma na periferijl
se EeECe formira kratkotrajna magla, pa.je lnsolacija u
centru tokom jutra neSto veCa. Ukupno tokom godine "di6Ca"
peiiferija ima 20 satj. sijanja Sunca vi5e od centra grada.
3.4 Prostorna razdioba srednjih sezonskih
zraka ukazuje na stalno postojanje "toplinskog
gradcrm (s1. 3/I3, 3/L4, 3/t5 i 3/16) . U svakom
njeg doba I razlike izmedju najh"1-a<lnije stanice







3.4.2 "Toplinska kapa" nad Zagrebom proudena je na os-
novi podataka temperature na Opservatorijima Grid'i Maksi-
mir. Grid se nalazi 38 m iznad Maksimira, pa je ispitana
moguCnost izdvajanja efekta zimskih inverzija (s1. 3/L7;
3/IS i 3/19) od termalnog efekta centra grada" Najvjeroja*
tniji intenzi-tet toplinske kape prikazuje grafikon 3/20,
izradjen za detiri karakteristidna mjeseca. Termalni je
efekt grada najintenzivniji noiu (do 50C), a zimi se osje*
Ca tokom cijelog dana.
3.4.3 Visoke koncentracije SOz i dima javljaju se u
situacijama sa slabim strujanjem j- prizemnim inverzL3ama.
Statisti6ki su analizj-rane prizemne inverzije nad Zagre-,
bom u razdoblju od l.IX 1959. do 31"XII 1971. Posebno su
prikazane udestalosti pojavljivanja, te vjerojatne debl.ji-
ne i vjerojatnosti trajanja takvih slojeva zraka (tab. 3-2
do 3-4).
Mogudnosti aeraci-je Zagreba ispitane su posebno3.5
u vezj- s brzinom vjetra (pogtavlje 3"5.I)i smjerom vjetra
(poglavlje 3.5.2). IJz danu brzinu strujanja zraka u gradu,
koncentracije zagad1enosti mogu varirati, ali ne px'eLaze
jednu <ldredjenu granicu (s1" 3/2I i 3/22) | koja se sniZava
porastom brzine vjetra (tab" 3-5). Usporedba tabela 3-5 i
S-l pokazuje da z]"mske prizemne }<oncentracije SOzu uz naj-
deSCe vjetrove (( 3 ms-r)o mogu doseCi 800 ugm-3"
U poglavlju 3.5.2 prikazana je ovisnost zagadje-
nosti cent:ia o smjerovi-nia vjetra tokom zime. Ispit'an je
zimski uzorak svih sludajeva kada s€r tokom 24 sata kroz
koje se mjere koncent,raci3e SOe, smjer vjetra uglavnom
niJe mijenjao; Pokazalo se da: a) najde5di vjetrovi-- (Nn i
W - vtdi s1. 3/23 do 3/26) preteZno puBu tokom cijelog
dana, i b) uz NE vjetrove javljaju se najmanja pri.zemna
zagadjenja. Aeracj-ja vjetrovlma sa zapada dva puta je sla-
bija (s1. 3/27).
" FlanLna Medvednt*;x uz::,:kuje specljalni dnevni re*
Itm strujanja zraka nad grarl*m-. ll poglavljlmn' 3.?:3*3.5.5
ispltan je irfjenos destica preko grada.tokom godlne t to-
kom dana. Za p6i: meteorolo$ltih stanica izradunati sur pomo-
Cu formule tg; rl, rezultantni putovi vjetra (RPV) za godlB-.nja doba i 7,a termine 0?, 14 i 2r sat- Preko zagreba izvu-
d;;" su linije {"sLrujnice"i Lakou da su vektori RPV njlho-
ve tangente" Ot * prikiruju rezultantni prijengq Eestica s
kojim treba ra6uniti u podrudju Zagreba-(sl. 3/28 do 3/3L
i-i7gg-d" 3/3G) " prije,-ub".*s:sLica od Medvednrce prema za-
lt*il,, prevladi;; L;[;; cijei'e sodin* u jutror $& veden i
noCu, a okr: podne smjer se::j":inja ?a rbO0 {or1 zagreba pre-
ma Medvednici).
Primjena,,b&Xni*d'e}'a''naZagrebupoglavlju3.5"4'
rezultira zafijr:5k'm da bi aeracija u gradu bl-Ia d'o maksi-
*o*. iskoriSt;;; " *ludaju 
kad bi se grad Elrio prema is-
toku duX Padina Med'vednice "
Vektorskisatnisrednjacismjeraibrzinevjetra
na opser''utotii* o r'luL"imirr-t pit<azuju, da promjena smjera
vjetra ,ruut,rpi "" "*J"r 
pruiij" na\i.za Sunta, kada po6inju
;il;;i .*":.Zi""j,"rei vjeirovi s 1terlvednicen koji traju t'o-
kom noCi s promjitfjivim intenzj-t?!o*' i porinju stabiti ujutro nakon LzLaza surtc;n is1" 3/38j "
3.6Uzorakod44TclanapokazujedaoborineskoliEinom
< E mm uopCe ne djelujll na pii"**t i koncentracije SOz, dok
veCe oborine "Eiste" zagacljeni zrak
3.7 Ispltivana je zavlsnost srednjeg dnevnog nivoa za-
gtaienost,i isor) ',, zigrebu o srednjem dnevnom rrertikalnom
gradijentu temperatur* i o, sreclnjcJ d.nevnoj brzini vjetra"'Izmedju koncentracije $Oz u i"gt*f" zi-mi i-omjera navedenih
mdteorolo$kih parametar* ,r."u :u linearna (sl' 3/391 , a ko-
ef icijent korelaci" je iznosi 0 ' 85 '
3.SPromatraseodnosizmedjusrednjihdnevnihkoncen-
traclja SO2 i dima za *ntervii-mjerenja 6A 13 sati n-tog do
t3 satl n+l-og danau i tipa vremena oci 0? sati n+I-og dana'
Zf*f , a done:*i* i :-ieti *L.tq stacionarnosti ting.va vremena'
najuodljivije je da visok"-L""*u"tracije soz j. d,ima 
pripa*
daju ne samo. "iti*it*tonalnim 
ti.povima vremena i tipovima
vremena sa slabirn struj*"i"*r-"Lga i t"ipovima-vremena s 
ju*
Znom komponei;;; -t;;ji":i:-frir*6":" strlna doline i ciklo-
ne*) {sl,ika 3/40} "
4. U proljefe L9?2. gCIcline 1:rovedena sur fld 40-tak
raskrir6Ca u srediSnjem dijeiu zagri:ba, specijalna mjerenja
zagadjenosti- =iir"" lco, eo;; No;' 
j'- sozll te meteorologkih
parametara temperalure, "iig*l"ia*blake'i 
pojave u ukupno I
Qana. zagadjenost j* ljerena na jednoj rokarnoj stanici ucentru grada od 6 do 2L sat (uzorcl svakog sata), a na os-
talirn punktovima u razdobljlma od 6.30 do-8.30, iS.lO d;
15.30 te 18.30..do 20.30 sati. MeteoroloBki parametrl mje-
reni su tokom ditavog dana od 06 sati do 2i sat. Mjer6nja
su provedena u..uvjetima dosta stabilnih vremenskih ltanii,
kad'se mogao odekivati rerativno povj-Eeni nivo zagadj.rr6s'
ti zraka. Analiza podataka temperature pokazuje u pravilu
.i"'toptj-nski otok" nad sredJ-5njim dijelomgradal kao-i ovi-
snost razdiobe temperaLure zraka u gradu o termiEkom sta-
, nju atmosfe5e i lokalnoj cirkulaciji vjetrova, te orijen-
tiranost.i urj-ca obzirom na tu cirkulaciju. u prosjeku ne
postoje razlike temperature zraka prema referlntn5j to6kj-
na SvaEiCevom trgu, dok je opservaLorij na Gri6u ,L 0,60C
hladniji od srediSnjeg dijela grada. (Najvede razlike u
podnevnim satima, tabela 4-I). 5to se tide relativne vla-
ger razlike prema referentnoj todki i Gri6u su j-spod 1OB.
Unutar grada razlike brzine vjetra ne prema5uju f m/s. U
dva maha izvedena su tokom 24 sata i mjerenja pri2emnog
sloja zraka udestalim pilotbalonskjin sondaZi*al koje 
",1takodjer pokazale lokalnu cirkulac: ju termogenog kirakte-
rElr ali i cirkulaciju uvjetovanu s,r,je5taj.*-grui. na ob-
roncima planine. Ir{jerenja zagadjenosti zraka pokazara su
medjusobno razliditu sliku razdiobe pojedinih potrutanata
to-kom dana i u pojedinim dijelovima griaa. obzirom na to
da se je opii nivo koncentracije sumpornog dioksida od po-
6etka do kraja perioda (III-VI L972.) postepeno smanjivao,
tO su podaci svj-h dana mjerenja SO2 reducirani na prvi dan
mjerenja, kad je nj-vo bio najviSi. Ovako dobivene vrijed-
nosti prikazane su u tabeli 4-2, u kojoj su navedene i ma-
ksimalne satne vrijednosti na pojedinim mjernim todkama,
reducirane takodjer u omjeru u kojem sur n€r referentnom
mjestu, maksimalni. iznosi odstupali od, dnevnog srednjaka,
NajviSi dnevni srednjak nivoa koncentracije dosegao je !z-.
nos od 300 1lgm-3, a reducirani srednjak iznos od 606 Ugm-3"
Mjerenja d.u3idnog dioksida su takodjer, zbog ne-jednakog nivoa u promatranom razd.oblju, reducirana na Lz-
nos maksimalno izmjerenih vrijednosti, pa su dobivene
srednje dnevne vrijednosti do 362 Ugm-3. Na sL. 4/LI pri-
kazana je prostorna razdioba reduciranih srednjih dnevnih
vrljednosti. Maksimalne satne koncentraclje ovog polutan-
ta dosegle su vrijednost od 410 Ugm-3, a reducirane vri-
Jednosti iznos od 572 Ugm-3.
Mjerenja uglji6nog monokslda pokazuju najviSe
vrljednosti u relativno zatvorenim saobraCajnim dvori5ti-
Hdr i to do 35 mgm-3, a na otvorenim saobraCajnicama do
13 mgm-r. Maksimalna lzmjerena vrijednost CO iznosi 45
mgm-3, dok na rubnim podiudjima grida ne prelazi 6 mgm-3,
- Mjerenja ugljidnog dioksida pokazuju.dosta vj-so-ke varijacije srednjih dnevnih vrijednosti, izmedju I000
1 f800 ffign-3, dok su satne vrijednosti COz na jednom
5
rnjestu dosegle dak ianos od 2274 m9m*3. Na podrudjtma po*
vi*en1yr aijerovi g*id", gdje je prome'b relativno malen,
vrtjednosti COz n6 prelaie*u dnevnom srednjaku lznos od
i006-il;-t.
Osim mjerenja na uli-cama, provedena su u 3 maha
i mjerenja zagadlenosti ,r"r." i metloroto5kih parametara
unutar'stambenih blokova, te su pokazala opcenito znatno
"iXi nivo 
polutanata nego na susjednim ulicama'
5. NaS Zavod mjeri zagadjenost zraka i oborlna na
ip"*rrrrtorll'r-zugi*L1l,{"t simir I na opservatoriju zagreb-_
G;fE-"-[i:."a:"i i prlrodnu zagadjenost.zraka j- oborina na
"i""i"i-il;tljarta- 
(na planini ulavednici kraj Zagreba'na
1000 m NN) i na stanici f,""1""" (juXni Jadran). Nakon opi-
sa metoda mjerenja, prikazanl su iezultati tih mjerenja'
lli:mu"i,t "r6tti;8;; brovodrjivost 
i najmanju sumu koncen-
tracija aniona-i kationa G;j" -uzorci oUorlna sa Puntijar-ke (rabela s-ill i'ii-"il Si: lrikazane su pH vrijednosti
oborina za razdoblje oa sviun3a 197r. - travnja L971, kod
k;j6--;"-""aiJi"" "iZ".yrijediosti y 
zj-mskim mjesecima u
uzorcima "" ;i;;;""l"irii 
fraksimir i Gri6. Do iada najniZi
izmjereni pFI u. uzorcim* oboiit. sa na5ih stanica bio je
3.3, a iznjut*r, i* o uzorku oborine od 3'II L973' na op*
servatoriju eiifl u tabeli 5--2 prikazane su srednje vrije-
dnosti foncenli*"ije nekih iott*-o m]esednim uzorcima obo-
rina za "t.rric* l,i"f*"1mir 
i Punt.ljarfta, Lz:<ojifr proLz1azL
r.eca Eistoca uzoraka oborini na ltaninskoj stanici. Analo-
gne vrljednosti koncentracije iona za zlmsko i ljetno xaz-
doblje Lgl2. god'ine uodljiv6 pofazuju.vede razlike u kon-
centracijama iorr" uzoraki'oUolftt" iltifr stanica za zimsko
razdobljeposebnoukoncentracijamasulfataini-trata.
AnalizirajuCi rezultate fz-Lin"i" 5-5 moZemo eakljuditi da
vece koncentraclje lona nalazimo u uzorcima oborina koji
dolazi iza duzeg suSnog #;i;au. Tabela 5-6 pokazuje ovi-
snostkoncenLracijeionaokolidinioborina:visokekon-
centraclje iona llmjereng "; u uzorcima 
oborina, koje su
.manje od 3 n'n- tabeia 5-7 piit*t"''it rezultate rnjerenja
koncentracija iona o ,rror.i** ,raf,,a u Maksimiru l- na Pun-
tijarkl r zd koje je karakt"iistrena osobito velika tazlika
g kolldini sulfata" fonceiti""iii sulfata u uzorcima zraka
na opservarorlju Grid u ,i;;;i;'*j*"".i*" doseze got'dvo
400 ugm-3 "
6. Iznose se osnovnl postulatt T"jima treba'udovo-
iie.ratr ,olIZ"-za*pr.eenje ";;;Aj;"osti 
lraka i daju pri-
jedlozi "* ,,oro, 
,iro31r6nu-ni*zi meteorolodklh stanica, t€
stanLca za mjerenje $Oz, Ii*"-i-{iuglh polutanata.na Bl'rem
podrudjo gr"&. zaireua, nosida5nja rirrezl stanica je nedo-
voljna I nepotpuna, a preAtaZe =6 i orqanLzacija za kon-
brolu zagadjenbsti' zraka i-;;]";imanje operativnlh mjera"
SUMMARY
_1" AJ'ter the d.escription of S0e and smoke measure-
mE::rt,$ poi nts locaiir:ns in Zagreb &s vell as of the mea-
$ur(?$entc rnet,hods used by rMr ( rnstitute f or Med.ical rn-
vesti.,;4atr'ons and Medieine of Work - JAZU ) a d.etailed.
s.r.ta1y*is of S0z and" smoke data series during the period
3"966*J-9Tf at the central part of Zagreb is given. Tabl-es
1*'1 tc 1-h illustrate SOz daily mean concentrations for
every nf se\ren stations and for every month. All stati-
ons show a pronounced annuaf variat.r.on vith SOz maximum
&il]orir.rts in r+inter months up to 66O:jgm-3 and minima in
su:nmer months d"own to l+" The areal SOz and. smoke distri-
bution in Zagreb in January, July and in every season is
j ilustrated. on f igure s Il2 to f /T . One can note the iso-
lines f ol.l-ow the density of the inhabited tovn regions.
The SOe me&n concentration quotients between the eolcl and
a,nd the warm part of a year (f alf e 1-5 ) ind.icate a great
differeRce between these two SOz values in the d.ense
inhabited'central part. This fluctuation is l-ess prono-
unced i-n the industrial regions. TabIes I-T and. 1-B per-
form the maxima of SOa daily means at every station with
thc great*s-[ ri.aily arnounts up to I530 Ugm-3. The annual
an<1 mopthly smoke concentration d.ai1y means (Ugm-3 ) are
figured in Table$ 1-9 and t-10. Here one can see a well
pronounc*d annual variation vith winter maximum and sum-
mer minimum as we11" The greatest concentrations amount
up to ,\T Ugni-3, and the minima fall d.own to 9 Ugm-3.
Dail";r maxima in eyery nonth i,,;d. at every station are
given in tables 1-11 and l--l-2 with the extremes in the
ceirtral pa,rt of Zagreb up to Bl+3 Ugn-3 . Figure s I/9 and- ,- ^f/f0 iiiustrate certain trend of S0z and smoke annual
meB,ns d.uring the considered period. at every station: in
recent years the increase of SOz mean values has been
slowed. dovn f or the town on whoIe. The smoke concentra-
L,i lns d.o not show substantial changes. StilI, a certain
i;-i,;:r;l ,:;se trt some stations and the decrease at the others
!aas t:een denoted in Zagreb.
2.1- A stuily of Zagreb climatic phen:omena during the
liq::i-oi. 1.966*1971 comprises the data of ! common meteoio-
lt:giee.} sLations and 2 observatoriums (nlg. Z/L).
t'he towrt s,t)rends frnm i;ltr.: tri)""iy i,tr"l"li.in o"!'Mr.:dyt.:cl1r.ca i'noirrr,...taj.ri wi'i,;:, l-o-Ls of'vi.r-i.J"*-r,.,';; il,-lwr: t"rs i,irt: -i.r:.r."r ancl inore i:r.iinj_ilr:egi$n .y:i-)l.lild" l;tre i:iVer.Snvl. * :iL) i;irili., iirt e:crl,r:tf_np; sLri..l...i.{:,ir$ne'i:work is not rufficienLly clense, ,Ilir.t,r.r.'s.f,'L--i"e th* cherrto*grephic iltustrations give on-Ly t.J:ie rorrgh pict,ure of givenmeteorological irlement areaJ, c1is.Lril:ul,:i.on,
2"2 s'ir years rorrg ser:ies rf'fo6 .i"r.eq*enciesrs'.rnsh-ine
iiura-b,j-c:n r.r.rict aj-r temper.a*r;::e hari.rj been. s11ftipai.eC vj.th thesec:u1i'ri- -.rrrj.e,. at the Zag::eb-G,r:iE {i.;nr_r,: ceirtre) and Zagreb-I{r-'ll..t:l.ni,r (to..rn *a,s;t ciirtskj-r:tn) o}se:i,rirl,,:r1"it_rns;"
Di-tr ! 11 g ihe pe:riotl :cirsirir,:rr,:ii f a€i *ppear.ed rnrJrefrequent.l.y (*l ccording to Zti,i1.,:e'l.l-..ivi;i.i,"::rj.n..i r,) tnln ih in normaL.
fut" Zagreb c_Limate {g,ig. Z/;:i, I'*6 rJe.:,.i,e ir.r .Ltre t,o.w:: cen.Lre
( Zag.reb-.Gr"i i ) are not enoli.rgj] i:ep].itliiln1:ai:._i irr,.: r.l.r_re to llrr:
oL:r:ervai:r-.,r'ium unconvenjent posi-1 j.,:.,n" .'lr.r;o.Lai;ion ve.r,:iar.t.:.-cn
drir,:i.ng the period i966*l: &gi.er-rrl i,r;th j;h* oscj--l-.lertions inthe secir-Lar seri.es that. harl ?pped, lri:: r..L -i.n t, lre pr: i, i,rheu. theat;rtospher:e could not had. been ccnsi_<_ler'*bly po.JLl uted " sun".shirre d.r-rreri;ion data at thr obseri/ai;c.ri":i.r-ru-ir irr t].re tor+n cen-tre a.ncl r-'l.t 1',he town outshirt.ij rji:)rr: 1.:iln1.i'r ,,i'e:i). r+rth l;hos e atthe nounta,j.n Med.verlnica peah, Th*j.:,,:.-i..:i."nn.d.ri i.ii,l..ire uhe i:jrr.ii1s
siSn il'ig" 2/3) a'd indica.ie Lhr,r cic,::.r.{:iase *f riurishi.ne rlnra,..-
tion ,1urr'.ng t;he consid*:reu 1;,*::r.,.:,,1 bu i.i. j-n f ire poliui.cri town
and. orr the much nore c-j-ean ini, it:t1.,ltii.i ]ie,:r.i:, :-1s vc.r-.r.,
11 empe::ar.ur{-' *erj.rr-.i ":96{r--"i:l iii'.i;... L:/I+) r,er,r,,,i.n inth* -rai.i,$ge of no:1imal- t*rap*:reltur:*. o;: ,:-i.l_:_r:..i;i.ons :in the Fasit"
r, r: j--1^1, Lhe torn'n outsh j.rls are 1..-1. :i c {-j ri:*-Lei" ihnrr the cerr .,
tE e in annr-ia1 average.
3"1. 11,'hin chapter
ai:r po-l.i.rri,iorl,;:1:i.mati c.fe.riy for t;t:e '*r:llowing
atmosphere stability 
"
conEiists o:l i.n'l:,::'orlu*tory :.:errrar.k$ oi.i
poten'hi*.j. i-)1:t ihi,- r,riro-le -" anci sjepaira*
elem,:;r'r i"-.ti ; ;:,i,i: '1.:]nilr<jl:atltxe * l+ irttl- u
fog anei p::*c i-1-'.i^"1, r,r.Lion .
3'2 Aree.i" distributjon o-i f*g j'r.eciur:r:cies i:.nd :i-ts mefr"u
and. maxinum du.ration in the cr':ntre anrl. in t,:wn outski::ts
harre been ane.lysed..
llor'in cent:.e siiffers f::'r:ri:".t'cg; mll.e it_fte1l than Lh*
otherl,own pa:'ts (Bo days a.ni:ual.y -- li'j-8. .jll). ()nllr +.he
ou'beri:n,ost southe.rn tovn'regli,an !\t,.:1.'!: -i:,.1:.,..: Sar.r*, l-^i,",re:i :rra,]s.e* F,l1
*xception and has more f og than ce::ii;L:"e. liog o1:j(:1lj's ir..r,-..,e
frequeat.l-y i,n wi.nter {rig" :i/p) ar,<r t:hi:r-i in e.'t;uinn (Fie,,'5l5) " r't is c,f 'bhe longesl, d.u.r"ation irr .i;ovri centre, part:rL -,
irir.rl{}.r,itiJ i.r winter {:riia. 3/6),
3 ' 2- 3 The $Oz c,lncen'L::a ,.i fl!:]. cl epcndcr:r.:e on bhe f og rlen-*
;,,:.rly an<,i,. ili-rration as r+e11. ris trri i. lir,-. a:i.:" mj"nirni:n te:mperature
tias neen strr.cl:ieil, Lj.neay., correlei-Lj.on -far:i;or betveeit SOz
{.:,):ie*n-irer.tir:n* a.rril a, ce-':,''1.*in cora}iinert:isn of the othe:: el-e*-
:neni,s merttioned ha,: the .,ralri.e ,:--f 0. Tli. In v"i.nter da..ys witil
,',1S {.fi6" 3rlBi 5{ir {jrncenti:a"t:ii:n.s dri){iiie 365 }ign}*3 shoulil
h'l e;,peet;eri,
3. .J A eonparison tras
inso.Lation in every month
vatoriunis (ries. 3/t.0, 3/)"
bhe shortlasting; fogs form
insolation in tovn centre
outskirts have annually 20
eentre.
made of the me&n d.aiiy values ofat the Grid and Maksimir obser-
I and 3/l-Z), fn town outskirts
more often o s that the morning
is greater. Still, the "cleanerilhours of sunshine more than the
3. I+ The mean seasonal air temperature areal d.istri-
existence of ttheat islandtl
3 /11+ , 3 /t5 and 3/15 ) . ?empera-
I{armest centre obserrratorium
si,ation at the town outskirts
a\rera.ge 
"
butions inclicate a permanent
above the town (flgs" 3/13,
ture dif'ferences between the
Zagreb*Gr.ic and. the col-clest,
reach in every seascn 2a C on
:" Ii. a ttHeat israncltr DVer Zagreb has been i.nvesLigatedby iiears of the observatoriums Zagr:eb-Gri6 and. Maksirnirtenperature data. Grid is situated 3B m above Maksimir sothat thi: effect of vinter inversions should be sepa,rated.
f rom -the tovrn thermal_ ef f ect ( f ies " 3/IT, 3/fg ani 3/Lg) "The rnost probable "heat isrand" inr*ensity in four parti-errla: moir.Lhs is illustra.bed by the graph 3/aO" Thermaleff'ect of the town is nostly developed by night (r.l,p to
5 
0 C ) , During winter it, f a*ts a.ll day long
3"L"3 Iiigh soz and smoke concent'ations appear inweathev'situations wiih weak flow and. surface temperatureinversions " A statisticar analysis of surface inversionsover zagreb during the period tr september r-, Lgrg to De-
cembe:' 3] ' L9Tl- has been perf ormed with a special ,Jescrip-tion of their thickness and. d.r-rration frequency and. proba-bility (raus. 3-2 to 3*t+).
3 " 5 zagreb natural ventilation possibilities hasbeen i.nvestigat,ed. separately f or the "ina velocity (chap*.ter 3, 5. 1) and f or t.he wind direction (chapter :. ! " i 1 "Poll-u'bion eoncent,rations that appear in town by given
yinil'relocity may vary but cannot exceed sone upper l-imit(r'ies " 'l/zt and 3/22)-. This t-imit decreases r.rith th.e wind.veloeity increase (tal. 3-r)" Tabl 3-5 in comparison vith
table 3*? illustrates that the winter soz concentrations
near the ground by the most frequent vinds (f 3 ms*,1) m€ryreach Boo Ugm-3. .
' Chapter 3" j "Z de scr"ibes the town centre po11.ur*t:"'on depeird.ance upon various wind d.irections d.uring thewlriter"" l.trinter sarnple cf cases with unchanged wind di:.ec-
tion (in general ) during thos e el+ hour, .,"Ja f or s0: rnea-surements ha.s been examined." It came out: s) the nost
f ::'equent winds (tts and W ) * s ee Figs " _j /23 to 3 /26 blbwmost f requently all_ day long * and. b ) the smallest pollu_ti"on is best correlated to NE winds. Aeration ly i,rinasfrom west is weaker-
10
" Mountain Med'vednicn, cause$ e, special daily air*fLow regime over .the town. Chapters 3.5.3 .bo 3.5.5, des*
lribe trre ps.r'ticles transfer orgr zagr*u all the y.ear anclday rourrd.. Resuitant wind. ruRs (nfV)"io" seasons and. at 07,1l+ and 21h have been careulated at five meteorological s-ta-tions by means of rot*r.iu 43. i I . 
"ttr"" 
Iertain ,,curves,,(streanli-nes ) have uu"rr-Jru,*r. over zagreb. Rpv vectors arethei'r tangents" They lffr"trnte the rJsultant particlestransfer that must be taken into u""o,*nt ro. Zagreb region(Figs " 3/zB !o 3/'3r ana :/g: i"-i/a6\l'"particles transferfrom t4ed'vedni.*a to Zagreb pr,:vairs in the:*;;;;;s,- Jrunirrgand r:ight d.uring the whore y,&.r*" onry aaout lh;'-;;oi tiri."transfer cha,nges the.directi,rn ror r"Aoo ("o"-ii ;;";r"*?agreb to Medvednica).
"Box mod.ef " is appl"ied to Zagreb in chapter 3. r. f+.rt resu'l ts in a concrusion that the *o"t or. naturar venti_lation in our town cou]-d be made in ""=" of the town expand.to the east along Medvednica slopes.
;{ourry vectors means of wind directiorr and'e.r-o*city *,'i; obs et,ru,lorium in Maks imir indicate .bhat the wind.changes its direction in the evening after sunset. Th.en theref reshing wind-s begin to blow f ron }ledved.ni ca to Zagreband persist wi bh changeable intensrt;-Jurirrg the night un.*til they abare in rhe morning after lunrise-(ris. i7iAl.
3.6 rt vas found. on the basis of rrr+r d.ays sampre tha.t,the'precipite.tion of 5 mn amount or res" does not infr-uences0z concentrations near ground.. Greater precipitationttcJ.eanttt,i.ie air in Zagrei
3"7 An i'vestigation has been perf'ormed. on the cor-relat:Lon be'rrrrn the d.airy mean rever- of porlutiorr (so, i inZagreb and the daily means of verticar temperature gradient
( tapse rate ) and thtse of wind ;;;;a. 
*rir"*" 
is &. tinearcorre.l-aticn betwen the soz concentrations in rnrinter and. t,hequotj.ent of mentioned. meteorologicaf elements (fie. itsglwith the correfation coefficieni as high as 0.8I.-
3 " B rhe chapter eons id.eres the relation betr*en theweather type at' 0Th on (n+r ) uh day and. iir* correspond.ingctaily mean s0z and smoke concentration for the measureme'-Lsintervat from t3h of n*th dey to 13h of (n+f)tn;;;,--Duringwinter ancl to ? certain degree due to the stati.onarity of'w'eather'iypes in summer too it can be most easiJ,y uoti.cedttiat tb"e lii gh s0e and. smoke concentrati-ons berong not onryto antiey*lonie weather types and. to those with the ,nreakeirfl"ov but also to weather types with southern coniponento{. ai."rf-lor,- (f ront siile of a trougr, urra or a cyclonei f rie ":/t+o ) "
1.1
h' During spring LgTz speciar measurements of airpollutants (co n co z , NO e ariri so, ) and" of meteorologicar
parameters (air temperature and hr:mid.ity, cloudiness and
phenomena ) were perf ormed at s ome l+o cros s-road s in the
centre part of Zagreb on eight days al-1 together. poll_uti-
on was measured at certain st,ation in town centre begin-
ning at 6h in. the morning and. continuins liir iih i"l.*pr""at every hour ) antl f rom 6. :O to B. 30 , 13. 30 _ 15. 3o and
:l-8.30 - 20.30 at other stations. Meteorological parameters
1/ere. measured in the daytime f rom 06h to 2Ih " Measureme:rtswere performed during a stable weather vhen one coul<i
expect a relatively higher :. evel- of air potlutants. Tempe-rature data analysis shows ris a .ule a t'heat isl_and." overthe central- part of town and. a d.ependence of air tempera*
ture areal- d.istribution in i,agreb upon the thermal state
of the atmosphere, local weather circulation anci. stree.b
orientation with regard to t,his circul-i.rtion. on average,
there is no difference of air temperature with respect tothe referent point at svadiiev square. The Grid observa-
torium is 0.5uc colder than Lhe central town region (ttregreatest differences at noon hours - Tab. l+-1). The dif'fe*
Tences of relative humidity with respect to the referen-bpoint and to Grid are bellow ro%. rnside the tovn vind
speed differences do not exceed I ms-1. on two occasions
the measurements of near ground air layer were performed.
by frequent pirot balloon soundings during 2l+ hours. They
showed. a thermogene local circulation and also such cne
due to the town position on mountain sropes. various air
polrution measurernents showed. various paterns of gi.ren
polluta.nts areaf d.istribution during a d.ay and in rraricus
town parts. since the general s0z concentration level has
decreased gradually from the beginning to the end of the
period (t"larch * June 1972), the data of .,r.Il- SOz measure-
ment 4ays were reduced to the very first day of measure-
ment, vhen this leve1 was the highest. The values so
obtained are figured,in Table l+-2 Logether with hourly
maxima at given measurement points *ti"r, were arso reduced
by the quotient of maximurn val-ues to the daily mean at
referent point. The highest daily mean of the concentra-
tiori levef has reached the value 300 itgn-3; the reduced
mean has the value 606 Ugm-3.
Nitrogen dioxid.e measurements have been also
red"uced to the maximum of measure<i. vafues because of its
uneven level in the period considered. That way carculatec
daily mean values come up to 362 ygm-3. Fie. \/tt iltus*
trates the areal- 11:',stribution of the reduced mea.n daily
values. These poll_utants hourly maximum concentrations
reached l+f r: Ugn-3 i. e . j72 Vgm- 3 reduced vi" r..ue.
Carbon monoxide measurements show the greatest
vi;l-ues in less ventilated traffic intersections * up-bo 35
mgm-3 - and up to f3 mgm-3 in thoroughfares. Maximun mea-
sured C0 value is l+; mgm-3. In town centre boundary it
does not amount above 5 mgm-3.
T2
. carbon clioxide. measnrernents reveal consid.erable
variation of mean d,a,ily 'yalues between l-000 and 1800 mgm-3.
Tlre hourly vaLues r;f COz reached 22TI+ IIISm-3 at one of mea-
surenents points. In the ef evated tolrn r:egions vith rela-
tively poor traffic coz daily values do not exceed. 10oo
mgm- 3 .
The measurements of air pollution and. meteorolo-
gical parameters which vere carried. out insid.e houses
btocks on three occasions showed. in general consid'erably
Iower l.evel of poll-utants than in neighbouring streets "
c 0ur institute rne&sLll:.-s the air and precipitation
pollutlon at the observal--orium Zagteb-Mahsimir and Zagteb-
bri d. The background air and precipitation pcl -i ution mea-
suremelts have been carrie<1 ou'L from July fgTf on at the
station Punti j arka { f OO0 m ASL on l,ledvedn j-ca tnountain ) and'
at the station Lasto=ro ( south Aclriatic ) . Af ter measul:ements
methods deseription the Ineasurement resul.ts are given. Pre-
cipitation "anifes from 
PuntiJarta (fat' 5*1) have the
snal-1est el-ectiic conductivity and.the smallest sums of
eations and anions concentraiionc. F j-g' ,13 i'f iustrates pH
precipiLation values for the pr:riod from May, f971 to Aprilt
igll *i-ift the lower values in i.rinter months iti samples from
Maksimir and GriL. The l-owest measurecl pH in precipitation
samples from our stations ti11 now ffas 3,3 in precipitation
sample on February 3, l-g'f 3 at Gri,i observatorium. TabIe 5-2
d.errrOnstrateB some ions mean cOncentrations in monthly pre-
cipitation samples for the stations Maksimir and PuntiJarka"
The cleaner p"l"ipitati"on sample at mountai' station can be
denoted. Analogouo iorrs conc,entrations at the same sta*-ions
for vinter and. sumner periods show ve11 defined. greater
d.ifferences of ions "oi"entrations 
in vinter precipitation
samples and this is particularly the fact with sulphate and'
nitrate concentrations " An anaJ-ysis of. resLrlts, given 
j'n
Tab " ,-5 , ind'icateS greater ions concentrations in samples
of precipitations af ter a dry period. of longer d.uration '
TaUie j*6 figures the ions concentrations dependence upon
;t. p"."ipititio' amount: high ions concentraiions have-
been found in samples of p"**ipitation less than 3 mm' The
results of ions concentratiotis measurements i-n air samples
from Maksimir and PuntiJarka are presented in Tabl-e ,-T "
Here one can Fee a particutarly big d,ifference in sulphate
amounts. Sulphate concent'rations i; air samples at G:"i6
observatorirror"-d.uti.,g winter nonths may reach almost l+00
Ugrn-s '
6. The chapter presents the basic postulates wlich
should be fol-Jowed by stations network for air pollution
measurements " It atst gives the suggestions for & new''
enlargednetworkofmeteorologicalstationsaswell?*fo]r
s0z anc1 other pollutanis stations over the wider region 
of
Zagreb since tritherto stations network is inadequate and
incomplete " An organi za'bioil of air pollution monitoring














)le 1-L Mean d.aily S0z concentrations obtained and cor-
recte d "TraumatoloSka bolni ca" (t96'6-t958 ) ,
( ue*-, )
] -2 Monthly means of daily S0z concentrations
(usn-3)
1-3 Monthly means of d.aily SOz concentrations
( uer-, )
1-lr Mon'thry-ueans of d'aily soz concentrations
(uet-3)
I-5 S0z concentrations quotients - colct half of a
year/warn half of a Year
Smoke concentrations quotients - cold half of
a year/warm half of a Year
1-6 l{onthly naxima of mean d'ai1y s0z concentrations
(usm-3 )
1-T Monthly maxima of mean daily S0z concentrations
(usr-t)
1-8 Monthly meens of daily smoke concentrations
( ue*-' )
1-9 Monthly me&ns of daily smoke concentratj'ons
( uen-' )
1-10 Monthly means of daily smoke concentrations
( uen-3 )
1-11 Uonttrty maximum values of d'aily smoke concen-
tration (Uem-3 )
1-12 Uonttrfy maximun values of d'ailyr smoke coDcen-
tration (ugm-r 1
,'3-1 Mean number of days vith fos ( L}6'6-T]-)
3-2 Mean nunber of days,^withr.surfaee inversions,
zagreb-Maksirnir, 01", 13"', Septenber I r 1959
December 31, 19?1
3-3 Surface inversions upper limits relative
frequency (%) in Zagreb at 01h and l3h,
September 1' 1959 December 13' 19?1
3-lr surface inversion rayers duration pro!?bi1i9{- ttotu zagteb (%) i Juiy 1' 1!50-March 31-, !29?- January I, 1965-August 31f1969
1lt
TabIe 3-5 Zagre b area aver"age of daily mean S0
trations, i<(sor) in d'epend'ence upon
mean wind. velo. ity f; *easured at Gri
Mean number of d'aYs with gale (> \O
Zagreb-Gri6, 1931-r950
Mean vind. velocity distribution (/')
;;;'-r;:;3h, zas,et-cri6, L95o-65





















Seasonal r.rind rl n P and its components {PfV and
P"), %, ltg55*19"r1)
niv componehts iaerived' by means of qind' fre-
quency and roin;t;-atit -" ""*'o"t 
(rq55-1971)
Monthly and- sea$onal values of K(SOz) during
the period t966*L97L
Monthly and se&sonal values of F(snote) auring
;;; p"ti"a Lg(.6-'LgT 0 and Januarv to March 19Tl
Frequency of wea,ther types with duration > 2
d.ays f or eit"."*i"*"rt"i- "i""ses; Lg66=1976 
and
JanuarY to FebruarY IgT L
Frequency of veqther types with durati:l-i ? ,
d.ays f or gi...r.-rci"*ox")- crasses ; L966-I970 and
March 1971
Frequency of veather types vith duration > 2
days f or gi-,r"r,-rc'i"*ox" )* ctas s es ; a966-L970
Frequeney of weather types with d'urati ?n Z Z
aayJ for give;-K(stnoxei classes; L966-t970
Air" temperature at observation poiTtl -meandeviation f"o* that at refetent points in
Zagreb ( sPring r972)
SOz concentrations in Zagreb centre accoraing
to speciar measurements' tp"i"g L9"12 (ue*-u)
NOz concentrations in Zagreb eenti:e accord'ing
to special me&surements, "pti"s Lgta 
(Ug*-')
I
Cation and anion sums and electrical conducti-
vity in pt*"ipitation samples ' 
period' July
rgTI - Mareh I9T3
Ions concentrations mea'n values in nonthly
precipitation eamples, period' July 19Tl
April I973
Ions concentrations











rons concentrations ana erectricar conducti-vity mean values in nonthly precipit.;i;;--
eamples, winter I|TZ|TJ , :
Ionl coneentrations dependence upon the dtrJrperiod. duration
Ions concentrations dependence upon the pre_cipitation amount , Zag-reb-M;k; f ;i;--
Ions concentrations'mean vaLues' in air s&m-ples, period. JuIy l9?I Mereh Ig73




Figure f/l Monthly means ot' daily SOz eoneentrations
in Zagreb regi on , rg66-Lg'll ( ue*-t )
I/2 Mean daily concentrations of SOz (Ug*-3),
ry65-Lg'lr, and thos e of smoke ( uem-3 ) , L966-
1970, JanuarY
f/3 Mean d.ai-ly concentrations of S9t (Ugot-3),
W56-I97:-, and' those of smoke (]rgtn-3 ) , 1966-
19?O ' JuIY
I/h Mean daily concentrations of 59t ( ug*-t ) ,
Lg65-1971; and titose of smoke (ug*-3), L966-
1970, spring
L/5 Mean d.aily concentrations of SOz ( pgn*3 ) 'L966-rg7I, and. those of smoke (pgm-3), 1966'
J.9TO' summer
L/6 Y""! daily concentrations of 
SO-'(Ugn-3)'
:ifr,|,'3lti;"d 
those of smoke (pgm-3 ) , re66'
L/T 
li13;tiiil"::1";;:::':;":-:i"'?i-llsT-,'I;,u-
L/B Monthly means of 6aily smoke concentrations
(uen-3) in zagreb region, L966'19'(o
L/g Annual- me&n of daily S0z eoncentrations
(ue*-, )
I/LO Annual mean of daity smoke concentrations. .
(ucm-3 ) 
6
2/I Clinatological stations network in Zagreb
re gi on
2/2 Annual number of days with fog at Zagreb-Gri;'
. Zagreb-Maksimir and Zagreb-Pleso
2/3 Annual j.nsol_ation duration at observatoriums' Zagreb-Gri6, Maksinir and S1 J eme
2l\ Mean annual air temperature at Zagteb-GriE
.end Zagreb-Maksinir i
3/1 Mean number of days with fog and mean S0z coo*






















Mean number.of d?{" with fog and. nean S0z con-centration (Uer-t) in zisx.u' i"ei.i]*irrru,( rg56-rg tr )
Mean number,of d3{" with fog and uean SOz con_eentretion (uem-3) in zagr"u 
""sio"rrp"i"g(tg56-tgtt)
Mean number of d3{" with fog and. mean S02 con_9un!ration (uen-u ). it zagrei ,"er"r]"rr*rru"(tgee-rgTt ) ' --o
Mean number of d?{" with fog and mean SOz con_
ii;;;:l;?ll (uen'-3 ) in zagreil'"ur."i",,i,'o'.'
Mean d.uration of fog
The longest fog durat
hours), (rq6d-rgfr)
( in hours ), (rg G5-tglt)
The correlation between d.aily SOz concentrati_
7::-""* Y*val-ue on days with fog during winter\^1r- ' 1, J-1J r period. f966*f 970
Mean monthly sums of insolation d.uration atZagreb-Gri_6 and Maksimir (igSe_rgii) "-'
Mean monthly sullrs of insolation duration ( inhours ) at every hour, zue;ub_c"i;-?;;eZ_ryrt)
Mean monthly sums of insolation d.uration (inhours ) at every hour, Zagreb_u"r."i*i 
"-iry6e _1971)
Monthly sums of insolation duration d.ifferen_ces, (in hours) between Zagreb_G;i6--";;-Zagreb_Maksimir at every hour trieA:r97ii
Mean seasonal air temperature, 0Crrinter(we5-t2tt),
Mean seasonal- air temperature, oCrspring(tg66-r97r) '
Mean seaional air temperature, 0Crsummer
( ry ee- rsT r)
Mean seasonal air temperature, 0Crautumn(tg65-tgtt)
1i:_temperature d.ifferences between Zagreb-Gri 6 and. Maks inir during invers ions at "Oih
t,il_ temperature d.if f erences between Zagreb_Gri6, and Maksirnir during inversions at 13h
Auxiliary diagran for the city thermal effect
d.et erninat i on






Correlation between air po}lution and. wind'
veloeity in Zagreb on the whole
Correlation between air pollution and' wind
velocity in Zagreb centre
Wind roses in ZagrebTspring (rg65-rgtr)
Wind. roses in Zagrebrsummer (rg66-rg71)
wind roses in zagreb,autumn (tg66-1971)
Wind roses in Zagreb rvinter Og56-19?1)
Correlation betl'een S0z concentration and'
wind, veLocity for NE and' W - winds
S0z and smoke concentrations d.istribution
(Ue*-') correlated to t!" strem field of
resultant r.rind. run (nfV) - spring' summer'
autumn, wir, uer (We5-1971)
Resultant run of particles over Zagreb d'uring
a year
un stream fieldT, f[, 21-Resu]tant wind r'(nrv) - spring
'(., th, 21-Resultant wind run stream f ield
(nPv) - sunmer
7, fIo 21-Resultant wind run stream field'
(nPv) - autumn
'l , f\, 21-Resultant wind run stream field
(nPv) - winter
RPV vectors derived onty by means of wind'
direction frequencles (-) and by means of
wind frequencies and. forgu (----), Zagrqb-
Grid, "..**"" (r966-rgtr)
HourIy me8,n wind vectors Zagreb-Maksinir
r-vr (tg66-wrl-)
Hourly mean wind veetors Zagreb-Maksinir
vrr-xrr ( 19 66-t9?1 )
Correlation between the concentration F(SOz )
and the val-ue i- alrring winter (xtl ,I ,1I*) ,
period 1969-I97I
Weather types seasonal relative frequerrr:y
(%) ourini ttre smallest, the most frequent
end. the greatest eoncentrations fr-(Soe) in
Zagreb, period f956'1971
Special me&surements points locations in
Zagreb, spring l9T2 :
Daily variation of meteorological
























iSure l+/3 Distributi.on of n*tecrot.ogical elements and.
air pollution j.n the cenrre region of Za'greb,
March 3, L972 at 0?h
Distribution of air temperature d.ifferences
between the points of measurements and. Gri6,
spring t'972 (oC) at 21h
Wind flow over Zagreb on March L6, i_}TZ at O9h
according to pilot b.a]1oon. mea,surements near
the ground. (----), at f00 m (-) and. at 300
m ebove the grou,:td" (-)
Daily variation ^'f hourl3' SOz concentration
means at SvaEid rqliare (sprin e LgTZ)
Deily variation r:f meteorological el-ements at
observatorir-rrn Zag,reb*Gri6 and Zagreb*Maksimir
on March 16 and lT, L972
Vertical distribution of temperature, relative
humidity and r+ind. on March 16 and 17, l-gT Z at
O1 and l3h in Zagreb-Maksimir
Variation of daily air polJ-ution concentration
means at SvaEid r;quare, spring J-g'f z
Mean daily S0z concentr"ations in Zagrebrspring
LgTz (us*-3 )
Mean daily variation of N0e coneentration at
Svabid square u spring Lg'lz
Mean dai Iy NO z conc en'; rat i ons in Zagreb
sprlng L9T2 (t,em-3 )
Variation of n.ean hou::ly CO (*gr-.3 ) values at
Svacic square * spring Lg72
Mean daily C0 eoncentrations in Zagreb
spring L972 imen*3)
Variation of mean hourly COz concentrations
(*gtn-3 ) at Svadi6 squs.re - spring 197z
Mean d.ai'Iy CCt2 (:oircerrbrat,ions (mgm-3 ) and its
maxj.mum. hourly values at given locations in
Zagreb * spring I97?
Electric conductivity dependence upon
cation sums
Elec'bric conductivity dependenc* upon
anion sllms
pH val-ues measured. i n incnthly prec ipi.
samples
pH values and precipitation intensity






The existing A a,nd siuggested. A netvork of
meteorological st,ations and. the existing E
anil suggested @ netvork of monitors of S0z






















problem oduvanja dovjekove okollne posljednjih
je godini o Sit*.r.* s"|3etu, pa takg i kod nas postao je-
&nii od najakutnijitr pr}nfenia **vjedanstva" Od uskl!t po-
j edinadnifr- upozo;e": a' znanstvenika n dalekovldnih politi-
Siru i pojedinaca, iadnjih je gadina agel za poboljsanjem
Ilvotne sredine dovjeka u pogi-edu kvalitete zraka, vode I
tla postao opdeniti; zairtiivom na konferencljama udenja-
ka, i.Xupovimi politidara I medjunarodnim konferencijama'
:<oji je-osobitb na posljednjoj konferenciji UN u Stock-
holmu- poprimj-o sv j etske razmj ere "
Povod ovim zahtjevima prvenstveno je u Einjenicl
sve veCeg i opasnijeg nLru5avanja prirodnog ambijenta u
kojem AovSeX *ivi.-miogobrojna ].spitiv?*ja pokazala su da
je kvallt.eta zraka, poiebno-u industrijskim i urbanlm
sredinaman palar usriiea sve veceg nivoa koncentracije
p"i"t"""ta ltetnih po zdravlje Xovjeka 1 okoline.' pogoto-
vo u hladno doba goditer lld toli.ko niski nj-vo, da je za-
ista opravdana zabrinutost i nuxnost akcije da se stanje
p"U"fj!"" U gradovima u kojima je promet naglo poveCan'
kao 5to je to sludaj kod nis' unose se u zrak' osj-m ve6
fi."iftfi polutanata' sumpornog diok:i.d3 i dima' i velike
kolidine po zdravlje-opasnih sistojaka kao 5to su uglji6-
nl monoksid, du5ldni dioksidi, hidrokarbonati, spojevi
olova itd.
Posljednjih deset godina provode se mjerenja.za-
gadjenosti "tit."i u 
neklm na5im gradovimar Pd tako- i u
zagrebu, te su vec i prethodne anilize rezultata tih mje-
;;ja bile dovoljno ,r.|o"orenje da.su potrebne sveobuhva-
tne akcije. To je neclavno aoiefo i do Rezolucj-je o zagti-
tl dovjekove ok6tine u Saboru Socijalistidke republlke
Hi',r.t"i*, koja ukazuje na potrebu opdih ' za)ednidkih 
na-
;;r;-f "*igfjenih 
afllja cietokupne zajednlce' a osnovan
je i Jugosfavenst i sal,iet i" za6litu i unapredjivanj€ Z'L'
votne sredine
Iako su pi-tanja u vezi sa za5titom kvalitete vta-
ka regulj-rana u nas osnovnim, zakonom vec pred-vige godi-
rrErr a na podrudju grada ZatieUa 1- posebnom odlukomt lpak
sve do sada "-zigt"Uu 
nlje bllo akcije na Sirem planur l€
samodaseustanoviukollkojjemjeri-ztakzagadjenpo-
jedinim pofutiniii*", ve6 i &*""* irtvrde I analizirajq
fakbori o kojlma, oslm samog nivoa emisije' ovisi nlvo
zagadjenosti zraka u pojedlnirn dljelovima grada"
2r
Udenj?".r:. naime, .veC dosta dugo upozoravaju da sve
"u{+ Talt gradskih naselja i indusriij":."-proi""od":" do-vodi i do sve veie emisije i Etetnih -i-o.ropasnih sistoja_ka u atmosferi. plinovite ko*ponente i 8;;ii;;;-il"j; seemitiraju u atmosferu, dovode-do piomjene sastava-i-pro-zradnosti zraka nad gradom i njeg6vom-oko1i'o*, odnosnoopcenito do promjena svakog e16m6nta ,rj.gor. klime (Geor-gii" L9Z0. Landsbez,g, lgzo.). r-J- rer'l^*'rrv t'
Tako je Landsbgrg naEao. da, uslijed urbanizacije,dolazi do srvaranja 5 do r0? vise ;";;i;i;-""u-;;;JJ* ,.-go li nad set-om, i magle faX,rOOt 
"i*i-i 308 ljeti. procesurbanizacijef prema istom poznatom meteoror-og,rl por"e.r.godi5nji srednjak temperature zraka nad gradom za 0.5 do1"00c, zi-mi dal za r ao zol-,-a.r-i" ilIli". vjetra smanjenaza 20 do 30?' a broj sludajeva sa ti5inom poieian je za 5do 202- osobito je znadajno au, usrijed djlro"""j"'grll"ldolazi i do poveianja koltdine oborii. ,r.a graao; dir< za sdo -r0?, -dok 39,,.,"li.jed-pov.cu'd ;;;t""';;;il-I.riJli"nad gradom, grobalna radijacija imanj6na ,u ii A;-t0;; ul-travioletnj- gio.sundevog zrabenja ziiri dak "a :oa,-ijetiza 58, a trajanje sijanja sunca""*u"j""o za 5 ;;-isB.
gadjenosti zraka u nas se maro znaro, iri se pak t;; nijepr j-d,avala nikakva pazn j a " ry srrudn j "r.. 
-i"""rii-p"ai"i: 
"gvo je svakako bila nedovoljtto pornita domena, ;, ;ije nidud.o da se do sada, kod at aiize podataka I zagadjenostizrakauZagrebu,tazavisnostuopienijetretiraia.
U ovom elaboratu izloZeni sur prvi puta u nas,rezultati kompletne analize ne samo dolada5ijih mjerenjazagadjenosti zraka u Zagrebu, vec i mnogobr"j"il. i"[t"r"meteorolo5ke prirode, o kojoj ta zagad;6nost-ovisi.
rako se raspolagalo dugogodi5njim nizovi-ma mete-orolo5k'ih pod.ataka, odabran je-simo Eeitgodi5nji nLz, kojiobuhvaca razdoblje od 1966.-rgzr. godine-za uoje posioji-viEe-manje cjelovit niz podataka o koncentraciji so, i di-
Ta u Zagrebu. Analiza meteororo3kih podataka j- na iaj na-din povezana s razdlobom osnovnih poiutanata u Zagrebu iutvrdjenesuosnoVneVezekojeizmLaiunjihpostoje
ovisnosti stupnja zagadjenosti o meteorolo5kimfaktorimg lspitivane su vec za iiz gradova u svijetu, nozbog razliditosti klimatskih, topogiafskih, urbaiih i in-dustrijskih faktora nijedna od tirr studija nlje mogla bitiopcenito primijenjena. To osobito vrijedi za urbane cjeli-ne na obroncima brda, kao 5to je zagreb, gdje se na slstemstrujanja, uvletovan opiom ciriulaciiom' a[m6sfere, super-ponira i lokalna cirkulacija brdo-dolina.
Treba ved 1- ovdje istaii da je otkrivanje veomakompleksnih zavisnosti nivoa zagadjenosti u gr.6n bilo
otezano i dinjenj-com, 5to se za sada raspolaZe samo sred-njim d.nevnim koncentracijama so2 i dima, koje obuhvacaju
22
razdoblje od 13 sati jednog d,.; l3 s*-li ;rj.:r.r:rc,jr-:,.r iJ;::.,:,j.,, irl;r;:rJ-rf...bl je od 24 sata je za veiinu nr#.i;efi.r*-rr:i1r:i?: .i ,,,r;i-;-,,r--.-. .ita$i*&dug. periodr pd je promatranje o"i*"o"ii stuprr.ja ze-gadje*nosti o meteororoikim parametrima u. to]<r: clana i r:oci r:rri*_tovalo p-oseban tretman podataka. Uobj-Iajeno i* da **,'*,i-'*-nedostatku dovoljno gusl" mreXe stanica i ponranjk;rn_iLt po_dataka o osnovnim polutanatim;:r u a,trnosl:e:r:-i- c.t :.:::rt.ic.rlvij.,. j-zrrrFespecijalna mjerenja z3g3_dj_enosti zrali.a n ze)J J:ijnc s nj*rr*-njem osnovnlh meteororogr<Lrt parametara" _i,t-ieren-1a k,i''t::eba-la pokazatl kalro 
"?gSdjenost zraka o.yjq.!. i-: rrrem,*:.::;k_:i.m prj"-likama u raznim godisnJim dobi..ma. rJ *lrnin e-l-aho.i:;i.i:i,r .j*cr:pnosu prlkazani rezurtati takvii: rujerenla Lr ?.:qj:{riiii na pr:eko40 mjesta t zd detiri osnovna Li.pa poi^,.,r-.*'*i-a i,r e,trn"osfer:igrada. -
Osnovna namjena svih uli,njuunih r;r,,,,r_i;,u j.: t-uma*denje dobivenih rezultata mjerenju-*rio*,::*nr.:g: f.-i_ zr:aka..Primjena analize ..u operativnom iadu m,i:ij;.;.i. naiii odraza i upoboljSanju i proSirenju postojeie mreZe *i:anj,r.:e ea rnjere-
lj" 3agadjenosli zraka i meteororoBr<irr i;;:r'am€: i-,::.r;-i ", samodovoljno gustom i pouzdanom mrexc,ri it.rr, j-,-,,,, r"rf;flJr:i ie*ji":-r,rase moraju nalazitl i stanice za neijrj:r:kiarsu iar:i i*r.tr*1=i,ignivoa zagad3enosti zraka, mogr:ie j; , =-i.,t,.ri- 
--,ir.r,l,iili,r*
ni sistem za kontroru kvalitete zliir,a ir. za,J,-*hr.r j za j--,*-.i:rruza poboljEanje kvarltete zrak.a" ral<o r:a sada. r.:i,$n*: ,..r *:i.--a"*njY.primijeniti qva iskr-rstva i m"etr:*e .ki:je $e l.:-i.;.i:i;s j:.e usvijetu, mozemo i u nas mnogo udir:j-r.,:i. 
".-,,iii 
i-jcir,:,rrL : ,oostgp-nom akcljom. r ovaj elaborat je..sano j:;v.i. oinli;;an iortu5ajda s€r naudnom analizom raspoioZiv-i.?i L-criet_:.1<a, c1ac.,,.: osiiov*na podloga za takav rad.
Spomenut {.I? ujedno da u eia}:orafr.r rij.si.:, 1.1 pr:a*vllur diskutirani dobiveii rezultati nr-jr:::,:rija ci:zi1:pin nanjihovu zdravstrrenu Etetnost, u st- r i,i;'i:.r.; ::.J-,'ii,,I i.r,," rii; i"-rd.13.rrr 1970" u dlanu 5 data je taj:r..i-+a !),:::*.j<-*im;itnc jrc,puF^tenlm koncentracijama (MDK) Stetr"rih t:va::1. i.r. atmc:sfE:ri. na*selja, koja glasi:


















Na'osnovi ove tablice mc-:ciriie iellko pojedine srednje vrlje<inostj- S.retriii:
mos f erl Zagreba odstupa j u od clou vol. j eri j j^i i:
pr*c j en; i.vat.i. Jq,o-
;L-rfl .i ir i; ;:11 a t n tl al: .-
{ixl ilell t.::i:i':r j i a "
n.a
11
5
e
v
I
r:'
$l
iLl
.0
,-l
.il
IJ j:$
"-,,_":"",{,
f'!
{}
l.
*
I
"J
i
I
I
i
I
i




